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microprocessor of a lower voltage, by supplying 
an output signal which specifies the magnitude 
of the output signal of an amplifier to a control 
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circuit 24. And a controller 10 specifies two 
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automatically, so that a related microprocessor 

may output its specific required voltage by a method using two ranges. 
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* * NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to a programmable step-down 

DC-DC converter controller in more detail about a programmable power supply. 

[0002] 

[Description of the Prior Art] The microprocessor has developed from the integrated semiconductor chip 
which controls only the easy function which is equal to the count capacity of the computer of a 
mainframe. This development has made the number of a transistor integrated on one integrated circuit 
increase. For example, current Intel The Pentium (registered trademark) microprocessor chip is equipped 
with a number exceeding 50 billion pieces at least of transistors. In order to attain such high density, the 
size of each transistor was reduced to submicron level, each configuration was shortened, and the 
greatest voltage for the transistor to operate has also been reduced. The requirements that it had to be 
that to which the designer of a computer system does not need to build the related power supply system 
completely whenever it changes the voltage needed for the microprocessor to a programmable power 
supply by changing the greatest operating voltage of a microprocessor arose. The requirements for this 
voltage to a microprocessor were in the orientation which decreases to 3.3 volts to the Pentium 
processor from 5 volts to 386 and a 486 microprocessor in the past five years about, and it is falling to 
3.5 volts to Pentium Pro (Pentium Pro (registered trademark)) in current. The operating voltage to the 
microprocessor in 1997 will become within the limits of 2.5 volts. 

[0003] The generation in front of a DC-DC (direct-current-direct current) converter controller was what 
offers fixed output voltage or can adjust output voltage by setup of external resistance. Therefore, in the 
production environment of a personal computer, the microprocessor circuit board (it is, even if known as 
a "mother board") had to be redesigned, whenever operating voltage was changed by the manufacturer 
of a microprocessor. In order to solve this problem produced by modification of the requirements for 
voltage, Intel has programmed the voltage specification code (VID) to Pentium Pro which can be read 
by the mother board equipped with suitable capacity. A mother board supplies the voltage specified by 
VID to a microprocessor, when it has the function of a built-in type. It is because the necessity that a 
system designer redesigns a mother board whenever the voltage of a microprocessor is changed is 
canceled, the reason specifies the voltage by which a microprocessor is needed for itself and a controller 
supplies the voltage needed automatically by this. 

[0004] The DC-DC converter controller designed so that it might be programmed to be able to respond 
to modification of the supply voltage to the microprocessor of low voltage is needed rather than it will 
be predicted in the future. This DC-DC converter controller must be what can supply the voltage which 
read the VID code programmed in the microprocessor and was specified in VID code of this 
microprocessor. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention aims at offering the DC-DC converter 
controller designed so that it might be programmed to be able to respond to modification of the supply 
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voltage to the microprocessor of low voltage rather than being predicted in the future. 
[0006] 

[Means for Solving the Problem] At least one amplifier which is a programmable converter and supplies 
an output signal in this invention in order to attain the above-mentioned purpose, A control unit which 
controls magnitude of an output signal of said at least one amplifier, According to a digital input signal, 
an output signal which specifies said magnitude of said output signal of said at least one amplifier It is 
the circuit supplied to said control unit, and a programmable converter characterized by having said 
circuit which pinpoints the two ranges of said magnitude where each has increment of a specific value is 
offered. 

[0007] According to this invention, a programmable DC-DC converter controller supplies output voltage 
specified by digital input signal (for example, the VID code) from an external device (for example, 
microprocessor). This converter controller includes at least one amplifier which supplies required 
voltage, a control unit which controls amplitude of an output of this amplifier, and a circuit which 
answers a digital input. As for this circuit, this digital analog converter receives a digital input signal 
from an external device again including a digital analog converter. An exact reference signal for offering 
output voltage of voltage needed is used for a digital analog converter, output voltage supplied to a 
microprocessor — voltage within the limits of** a 1st, for example, 100-millivolt increment, — it is — or 
the 2nd difference — it is-like voltage within the limits, for example, 50 millivolts, increment, and is 
chosen by microprocessor. 

[0008] This invention is better understood by the following detailed explanation. As one example, an 
example of this invention is illustrated and it is only explained. Although it is understood easily, this 
invention can add other deformation in various modalities, without deviating from a technical view of 
this invention. Therefore, a drawing and detailed explanation are the things for instantiation, and do not 
mean limitation. 
[0009] 

[Embodiment of the Invention] The DC-DC converter controller which is common for the controller of 
this application in many respects is indicated by the United States Patent application 08th by the 
applicant of this application / 672,487 (June 26, 1996 application) 11 A Programmable Synchronous Step 
Down DC-DC Converter Controller" (Stephen W. Bryso). However, this controller supplies the output 
voltage of the single range equipped with single increment in both the value of voltage, and the range of 
voltage. 

[0010] If based on the controller of this invention, two different voltage ranges will be offered. An upper 
voltage range is chosen by giving a logical high signal (1) to the most significant bit of a 5-bit digital 
analog converter (DAC). This DC-DC converter outputs the voltage within the limits of 2.0 to 3.5 volts 
based on the VID code inputted into the four remaining lower bits of 5 -bit DAC according to it. It 
enables a lower voltage range by giving a logical signal (0) in the most significant bit digital [ DAC ]. 
The raised versatility is brought about by the method using these two ranges, and a related 
microprocessor becomes possible [ constituting a power supply automatically so that the voltage for 
which that specification is needed may be outputted ]. 

[001 1] In [ upper ] 2.0 to 3.5 volts, 100-millivolt SUTEBBU exists and the most significant bit of DAC 
is set as the level of a logical high signal. When the most significant bit of DAC is set as the level of a 
logical low signal, a DC-DC controller outputs a 1.3 to 2.05 volts step [ 50-millivolt ] in a lower voltage 
range and this case. Of course, the step to these ranges and each range is mere instantiation. Moreover, 
based on this invention, the converter equipped with many ranges from two can also be constituted. 
[0012] By the following explanation, in order to give explanation a clear and intelligible thing, all 
various components currently drawn with the typical drawing are not explained. Various components are 
drawn with a drawing, in order to provide this contractor with the contents only of an indication which 
can carry out this invention. Probably, the detailed explanation not required in order to carry out this 
invention about all the specific components will be clear to this contractor. Therefore, only the 
component required in order to understand the component or this invention which affects this invention 
is drawn and explained to the drawing. Furthermore, the structure of an electrical circuit and the 
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electrical circuit which were known well are drawn by the block type so that this invention may not be 
made unclear. 

[0013] This invention is the programmable synchronous voltage controller which can be constituted so 
that the output current beyond the 1 6A output current may be supplied. In the condition that a load is 
heavy, a controller functions as a step-down regulator of PWM (Pulse Density Modulation) in current 
mode. In the condition that a load is light, it is PMF (pulse frequency modulation), or functions in pulse 
skip mode. This controller detects the level of a load and makes that effectiveness the optimal for the 
two modes to a switch and all load conditions automatically. 

[0014] Drawing 1 expresses the programmable DC-DC converter controller 10 of this invention. Some 
controllers 10 drawn in the line 1 1 are formed on one semiconductor chip (however, it consists of a 
discrete component in other examples), (a certain example) This Maine control loop includes the two 
main portions, i.e., the analog control circuit classified by the dashed line 12, and the digital control 
block classified by the dashed line 14 including the Maine control loop of a controller 10. 
[0015] A comparator 22 supplies the output signal to the digital control circuit 24 including the signal 
conditional amplifier 16, 18, and 20 by which the analog control circuit 12 was connected to the 
comparator 22. The analog control circuit 12 accepts the input signal from the IFB (current feedback) 
terminal 26, and the input signal from the VFB (voltage feedback) terminal 28, and forms the current 
control signal pass 30 and the armature-voltage control signal pass 32. The resistor Rl and the inductor 
LI are connected to the IFB node 26. A resistor Rl forms voltage among terminals 26 and 28, and this 
voltage is proportional to the output lead current transmitted to Terminal Vout. An inductor LI is an 
inductive storage element, and when a switch 36 is an OFF state, it holds the load current which must 
flow continuously. A capacitor CI is a filter. The armature- voltage control pass 32 amplifies a VFB 
signal, and this VFB signal is inputted into the signal conditional amplifier 20. The signal conditional 
amplifier 16 searches for the difference of the signal of the EFB terminal 26, and the signal of the VFB 
terminal 28, and this difference is inputted into the signal conditional amplifier 20. The difference signal 
between the amplified VFB signal, and a VFB signal and an IFB signal is totaled with the inclination 
compensation input from an oscillator 34, and is supplied to the signal conditional amplifier 20. 
[0016] The output signal of the signal conditional amplifier 20 is inputted into a comparator 22, and this 
comparator 22 supplies a main BWM control signal to the digital control circuit 24. Still more nearly 
another comparator in the analog control circuit 12 (not shown) sets up the threshold with which a 
controller 10 goes into pulse skip mode, and the point with which a maximum current comparator (not 
shown) carries out the disable of the output drive signal to the external power (transistor) 36 and 
MOSFETs 38 at the time of a light load. The digital control circuit 24 outputs a suitable output pulse to 
output Rhine 40 where the output signal of a comparator 22 and the clock signal from an oscillator 34 
were connected to the gate (control terminal) of the power MOSFET 36 of reception and the exterior. 
Thereby, the digital control block 14 becomes possible [ operating with the clock rate to which a 
controller 10 exceeds 1MHz ] in a certain version using the high-speed transistor logic in the digital 
control circuit 24. The digital control block 14 offers the breaking before makeup timing (break-before- 
make timing) for ensuring that MOSFETs 36 and 38 of the two exteriors do not become coincidence 
with switch-on again. An oscillator 34 consists of KIAP ASHIT A charge OSHURETA of fixed current. 
The external capacitor 35 brings about the maximum versatility which sets up the frequency of an 
oscillator 34, for example, enables a setup of 1MHz or more from 200kHz according to the need for a 
use. 

[0017] As for the digital control block 14, the high-speed bipolar transistor (not shown) of the interior 
where these two drivers have been arranged in push pull format is used including the two equal high 
current-output truck eves 42 and 44. Each drivers 42 and 44 have the capacity that 1 A can be passed, 
among less than 100 nanoseconds. The power supply and gland of each driver are separated from the 
power supply and gland of an integrated circuit chip, in order to offer the resistance over a switching 
noise. In a driver 40, it has the power supply by which "the bootstrap (boot-strapped)" was carried out 
from the floating capacitor 48. With this configuration, when it charges from a power supply VCC1 
through schottky diode 50, next MOSFET36 has flowed by turns, the power surge (boosted up) of the 
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capacitor 48 is carried out. By this method, the voltage of a node 46 becomes equal to 2x (VCC-Vds) 
(diode 50), and this value is about 9.5 volts at the time of VCC1=5V. This voltage is sufficient value in 
order to offer the gate voltage of 9 volts to MOSFET36 of the exterior needed in order to attain low 
RDS and ON (resistance between the drain sources in switch-on). Since, as for the "lower one" 
synchronization MOSFET 38, ground potential is given as reference voltage, the power surge of the gate 
driver voltage does not have to be carried out (in other examples, only one driver 42 and one 
NOSFET36 are used). While a switch 36 carries out the turn-on of the diode 51 and the switch 38 is 
carrying out the turn-off, it absorbs current between the conditions of the reverse. 
[0018] Two power supplies VCC1 (for example, 12 volts) and VCC2 (for example, 5 volts) are used as 
illustrated. 

[0019] The reference voltage VREF supplied by the reference voltage circuit 64 explained to the 
following including a precision band gap circuit in detail is supplied to the controller 10 as reference 
voltage. The internal resistance in the band gap circuit of the reference voltage circuit 64 (not shown) is 
correctly adjusted so that the temperature coefficient (TC) almost near 0 may be attained. The VREF 
signal is connected to 5-bit VAC54, further, five digital input signals DO, Dl, D2, D3, and D4 and 
RSEL are supplied to 5-bit DAC54, and these signals determine the voltage range for choosing the 
output voltage in VOUT54 needed, and the value of voltage. For example, Pentium The Pro 
specification guideline makes it the requirement affair for the output of a DC-DC converter to be 
directly programmed by the 4-bit voltage specification (VID) codes DO, Dl, D2, and D3 (illustrated by 
the following table 1). This code adjusts the output voltage VDAC of DC of Rhine 55 with the 5th bit 
RSEL. Expressing the top voltage range which is chosen when a table 1 sets RSEL (most significant bit) 
as logic 5 level (1) and which was mentioned above is understood. 
[0020] 

FA table 1] 
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[0021] The VID code of a table 1 functions as follows. The designer of a microprocessor, for example, 
the designer of Pentium Pro, judges whether the microprocessor operates by 2.8 volts. The 5-bit VID 
code (01111) to 2.8 volts is programmed in a microprocessor, and reading appearance is carried out by 
DAC54 in a controller 10 as input signals DO, Dl, D2, and D4 and RSEL. Next, in DAC54, the analog 
output signal VDAC of Rhine 55 is supplied, this signal is inputted into amplifier 18, this amplifier 18 
constitutes the one section of an analog circuit 12, as mentioned above, it is changed into a digital signal 
by the comparator 22, this digital signal is supplied to the digital control block 24, and the output signal 
of an analog circuit 12 controls switching of drivers 42 and 44. In this way, the voltage (2;8 volts) 
needed is outputted to VOUT58. In order to perform actuation (filtering) stabilized under all loaded 
condition, 0.2-micro F decoupling KIAPASHITA (not shown) may be connected with the pull-up 
resistor machine of lOKohm in Rhine 55. 

[0022] As mentioned above, a lower voltage range is chosen by setting the value of a RSEL bit as the 
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logic low (0). Of this, the voltage [ of 50-millivolt increment ] of 1.3 to 2.05 volts of the range bottom is 
formed. Although the corresponding table of VID is not illustrated, the reason is equal to a table 1. 
[0023] A controller 10 includes "Power GOOD" circuit 60 which offers the fixed voltage monitor in the 
VFB terminal 28 (it is also VOUT) in a certain example, the case where the power GOOD circuit 60 
exceeds a selected percentage [ as opposed to / in supply voltage (with VOUT58) / the usual value for 
the signal of the VFB terminal 28 ], for example, double sign 7%, as compared with a VDAC signal — 
Rhine — a low active interrupt signal is outputted to "PWRGD." 

[0024] Drawing 2 is the mimetic diagram of DAC54. DAC54 of drawing 2 is one example of the digital 
analog converter which can be used for this invention. An input terminal (DO, Dl, D2, D3) is received 
from external devices, such as a microprocessor which corresponds and corresponds to the value of the 
code which was able to attach the same sign illustrated by a table 1 and drawing 1 . these input code 
signals — each and transistors Q0, Q3, Q4, and Q5 — a turn-on — or a turn-off is carried out. The 
resistance ladder which is known as an R-2R resistance ladder, and contains R24 from a resistor R12 
supplies the output voltage VDAC increased according to the value of input codes DO, Dl, D2, and D3, 
and as mentioned above, the increment of voltage is 100 millivolts in this example. 
[0025] Reference of drawing 1 and drawing 2 supplies the reference voltage VREF outputted by the 
reference voltage circuit 64 to 5-bit DAC54. The details of a circuit 64 are drawn on drawing 3 , and this 
circuit 64 contains the usual band gap reference circuit 78 which generates the reference voltage of 1.21 
volts which used band gap diode. This band gap reference voltage of 1 .21 volts is inputted into the 
positive terminal of the 1 st gain selection amplifier 72, and is inputted into the positive input terminal of 
the 2nd GENI selection amplifier 74. Each control terminal of amplifier 72 and 74 is connected to the 
RSEL code line. Resistors R30, R32, R34, and R36 are also formed. It is determined by setting up the 
value of the lowest point of each voltage within the limits, for example, 1.3 volts, and 2.0 volts whether 
the value of RSEL has the output voltage VREF to (it is 1 of digital value, or 0), and DAC54 in either a 
high voltage range or a low voltage range. Based on the value of RSEL, it enables only either of the 
amplifier 72 and 74, and the band gap voltage of 1.21 volts comes to be increased to the suitable voltage 
level to each range. 

[0026] As for the digital analog converter 54 of drawing 2 , those details are drawn on drawing 4 
including the adjustable (it is selectable) current source 12, as for this current source. A current source 12 
chooses the step size of DAC to each of two ranges according to the value of most significant bit RSEL 
of the VID code. When the RSEL bit is set as the logic high (1), it enables the range of an upper code, 
namely, a step size becomes 100 millivolts. The output current of two current sources 13 joins with 
transistors Q32 and Q34, and this step current in Node IOUT is supplied to DAC54. When a RSEL bit is 
set as a low value (logic 0), it enables a low voltage range, namely, becomes the step size which is 50 
millivolts, the turn-off of the current source 14 is carried out, and the SUTEBBU current to DAC54 is 
made into one half. 

[0027] Using a RSEL bit, in order to control both the first voltage and the sizes of a step to each range is 
drawn on drawing 1 , the RSEL input signal is connected to the reference voltage circuit 64 and DAC54 
of five pits in this drawing 1 , and it is understood in drawing 1 that the current source 12 of drawing 2 
and drawing 4 has accomplished a part of DAC54. 

[0028] The mimetic diagram of the digital control circuit 24 of drawing 1 is drawn on drawing 5 and 
drawing 6 . Actuation of a circuit 24 is explained below, without explaining each illustrated component. 
A fundamental control signal (CMP 1 IN) is a digital signal which controls the off timing of an output 
driver 42. The start time of a driver 42 is set by the rising edge of OSC by resetting the RS latch 80. 
Next, based on the feedback signal generated by the analog block 12, only a certain time amount is 
behind [ CMP ] in IN signal, and it sets latch 80 to it. 

[0029] When a driver 42 is ON, the driver 44 of the lower driver 44 operates [ a slave is carried out and ] 
with the opposite polarity of a driver 42, namely, is off, and a driver 44 is ON when a driver 42 is OFF. 
The RS latch 82 and the NOR gates 86 and 88 ensure that drivers 42 and 44 do not turn both on at the 
same time of day. When a driver 44 is an ON state, he is trying, as for the NOR gate 90, for a driver 42 
not to serve as ON. Moreover, when the output has connected the circuit to Vcc or a gland, an input 
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~ signal SCIN carries out the disable of the driver 42. The input signals of others of drawing 5 are 
CMPIN3B, CMP2INB and SCIN which are supplied by the comparator (not shown), and a 
SYNCOMPB signal. Signal SCIN and CMP2INB follow, protection of a short circuit is offered, 
CMPIN3B expresses an idle state, and SYNCOMPB resets latch 82. 

[0030] Old explanation is aimed at instantiation and explanation. Old explanation is not limited to the 
format that this invention was indicated, excluding all this inventions, either. Various modification and 
the deformation of old explanation at within the limits are possible. The indicated example makes it 
possible to be chosen and described in order to illustrate the basic idea of this invention best, therefore 
for this contractor to perform various modification in various examples in the concrete use, and to use 
this invention. Such all deformation and modification are included within the technical view of this 
invention defined by the attached claim. 
[0031] 

[Effect of the Invention] The DC-DC converter controller designed so that it might be programmed to be 
able to respond to modification of the supply voltage to the microprocessor of low voltage is offered 
rather than it will be predicted in the future. 



[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim 1] A programmable converter characterized by providing the following At least one amplifier 
which supplies an output signal A control unit which controls magnitude of an output signal of said at 
least one amplifier Said circuit which is a circuit which supplies an output signal which specifies said 
magnitude of said output signal of said at least one amplifier to said control unit according to a digital 
input signal, and pinpoints the two ranges of said magnitude where each has increment of a specific 
value 

[Claim 2] A programmable converter according to claim 1 by which said circuit is characterized by 
having a digital-analog converter. 

[Claim 3] A programmable converter according to claim 2 characterized by for said digital-analog 
converter changing into reception a 5 -bit digital input signal which specifies voltage needed by 
equipment of said exterior from external equipment, and changing said digital input signal into an 
analog output signal. 

[Claim 4] A programmable converter according to claim 3 characterized by said analog output signal 
consisting of said output signal to said control unit which specifies said magnitude of said output signal 
of said at least one amplifier. 

[Claim 5] A programmable converter according to claim 4 by which said analog output signal of said 
digital-analog converter is characterized by supplying said control unit. 

[Claim 6] A programmable converter according to claim 3 characterized by determining said voltage 
specified by said digital input signal with a value of said digital input in which multiplication was 
carried out by increment of specified voltage. 

[Claim 7] A programmable converter according to claim 6 by which equipment of said exterior is 
characterized by specifying demanded voltage in increment of a specified value. 
[Claim 8] A programmable converter according to claim 3 by which equipment of said exterior is 
characterized by having a microprocessor. 

[Claim 9] A programmable converter according to claim 6 by which increment of said specified voltage 
is characterized by being 5mV and lOOmV respectively in each of the range of said two voltage. 
[Claim 10] Said at least one amplifier, said control unit, and said circuit are a programmable converter 
according to claim 1 about one semiconductor integrated circuit chip integrating. 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 4] 
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[Drawing 5] 
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[Drawing 6] 
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